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ABSTRACT: Repair and protection of concrete structures are generally complex tasks requiring special 
knowledge in different fields. During recent years extensive scientific research has been carried out to study 
the corrosion mechanisms (chloride induced corrosion, hydrogen embrittlement, etc.), but only limited system-
atic research has been conducted in the area of the effectiveness, durability and sustainability of materials and 
systems for repair and protection. Since the 1980th the main focus of research in the area of concrete repair 
have been special methods, mainly electrochemical methods to protect the reinforcement against corrosion like 
cathodic protection, electrochemical desalination, electrochemical realcalisation or the use of inhibitors. This 
paper deals with selected actual approaches, ideas and needs for future research in the area of repair and protec-
tion of concrete structures.
limited research has been conducted in the area of the 
effectiveness, durability and sustainability of materi-
als and systems for repair and protection. In the 1960s 
first major damages on concrete buildings induced by 
reinforcement corrosion have been documented. Since 
about 1975 the amount of damages is increasing con-
siderably resulting in the fact, that in the meantime 
reinforcement corrosion has become one of the major 
problems of maintaining the infrastructure. Most crit-
ical are structures exposed to chloride environment 
like offshore of coastal structures exposed to seawa-
ter or bridges or parking garages exposed to de-icing 
salts. However, also carbonation of the concrete can 
lead to severe problems, especially when the concrete 
cover is to low or in cases of insufficient compaction 
of the concrete.
1 GENERAL
During recent years protection and repair of concrete 
structures has become an economically important and 
scientifically interesting field. World-wide the invest-
ments for maintenance, repair and restoration of the 
infrastructure are increasing. As buildings generally 
are unique with own histories individual solutions are 
required for maintenance and repair. This has lead to 
the development of lots of different basic strategies 
and solutions for the repair of concrete structures. 
However, these strategies and solutions can be clas-
sified: The new European Standard Series EN 1504 
lists e.g. 43 methods to protect and repair concrete 
structures according to altogether 11 different princi-
ples. It is the task of the designer of repair or protec-
tion works to select appropriate solutions taking the 
relevant technical and economical facts into account.
Repair and protection of concrete structures are 
complex tasks requiring special knowledge in differ-
ent fields (see Fig. 1):
• Static and dynamic behaviour of buildings
• Damage processes and corrosion behaviour
• Repair options, principles and methods
• Properties and behaviour of materials and systems 
for repair
• Quality control and maintenance.
Extensive scientific research has been carried out 
to study the corrosion mechanisms (chloride induced 
corrosion, hydrogen embitterment, etc.), but only 
Figure 1. Relevant aspects for protection and repair of 
concrete structures.
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Since the 1980th the main focus of research in 
the area of concrete repair has been special methods, 
mainly electrochemical methods to protect the rein-
forcement against corrosion, e.g.
• Cathodic protection of the reinforcement
• Electrochemical removal of chlorides from the 
concrete
• Electrochemical realcalisation of the concrete
• Corrosion inhibitors for concrete to protect the 
reinforcement.
Repair materials like repair mortars, materials for 
crack injection, hydrophobic agents, impregnations, 
coatings, glues, etc. are typically developed by the 
industry, sometimes in cooperation with universi-
ties, but usually not as part of scientific research 
programs. Therefore the knowledge regarding the 
properties of repair materials is limited and it can be 
assumed that there is a large potential in improving 
the materials and to develop totally new materials 
with a taylor-made profile of properties needed for 
repair and protection.
This paper deals with selected actual approaches, 
ideas and needs for future research in the area of 
repair and protection of concrete structures.
2 DIAGNOSIS AND PROGNOSIS
Diagnosis of the actual status of a structure and progno-
sis of the expected progress of damages are important 
first steps in repair: The better the quality of diagno-
sis and prognosis the better the repair and protection 
works can be designed and carried out. Especially in 
the case of chloride induced corrosion a diagnosis of 
the whole concrete surface is much more effective 
than taking single samples from selected points.
Figure 2 shows potential mapping of a parking 
deck in lines with a distance of 50 cm which give 
information of the probability of corrosion at the 
whole investigated surface. Figure 3 gives an exam-
ple of such a potential map.
The potential maps are a basis to decide which 
repair methods should be used in which areas: In 
areas with low chloride contents protective coating 
of the concrete may be sufficient while in areas with 
high chloride contents at the reinforcement replace-
ment of the concrete or electrochemical methods 
like cathodic protection may be required. However, 
usually selected additional tests (chloride analysis, 
determination of the remaining cross section of the 
reinforcement, etc.) are carried out in areas with 
typical potentials. Figure 4 shows as an example the 
classification of a large concrete surface into sections 
with different repair needs.
Figure 2. Potential mapping on a parking deck.
Figure 3. Potential map showing areas with different prob-
abilities of corrosion.
Figure 4. Schematic representation of the classification of 
a concrete surface into sections with different repair needs.
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To promote the idea of a full-surface diagnosis in 
practise, systems need to be developed which allow 
a determination of the relevant parameters in a short 
time for a low cost. One idea is the Betoscan-System, 
which is presented in another paper of this conference 
(Figure 5).
As the Betoscan is designed only for horizontal 
surfaces, also other systems for vertical walls or over-
head are required. In the future furthermore evalua-
tion tools should be developed to support the designer 
to select the best repair and protection method for 
each section of a structure.
Another approach to improve the quality of diag-
nosis is the use of new techniques of chemical anal-
ysis of the concrete. Figure 6 shows as an example 
an instrument using the laser induced breakdown 
spectroscopy (LIBS) for a two-dimensional analysis 
of selected chemical elements of a concrete surface. 
This method is also described in an own paper of this 
conference.
3 UNDERSTANDING OF THE ADHESION 
MECHANISM OF REPAIR MATERIALS
ON CONCRETE
Bad adhesion is still one of the major problems and 
sources of damages in the area of repair. Figures 7 and 
8 show examples of areas with insufficient adhesion.
For more than 20 years research has been conducted 
to understand the mechanisms of adhesion between 
repair materials and concrete surfaces. However, as 
here is a huge amount of influencing factors (proper-
ties of concrete and repair material, preparation of the 
concrete, application, environmental conditions, etc.) 
and the adhesion mechanisms seem to be quite com-
plex, actually there are only general rules how to apply 
repair materials on concrete, but there is no detailed 
understanding of the mechanisms behind or the quan-
titative effects of the relevant parameters. As quality 
Figure 7. Area with insufficient adhesion of a polymer 
coating on concrete.
Figure 8. SEM view of a zone with a delaminated coating 
on concrete.
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Figure 5. Example for an instrument allowing a full-
surface diagnosis.
Figure 6. Example for an instrument allowing a two-
dimensional quick analysis of relevant chemical elements in 
concrete using the LIBS-technology (ILCOM).
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control usually only the pull-off strength is compared 
with a limit value, which gives in many cases no relia-
ble information on the quality of adhesion, especially 
regarding the long-term performance.
To improve this situation fundamental research 
including tests on the nano scale on the adhesion of 
repair materials on concrete are desired. These inves-
tigations must take the influence of ageing and physi-
cal, chemical or mechanical actions on the bond into 
account.
4 EFFECTIVENESS AND DURABILITY
OF THE METHODS FOR REPAIR 
ACCORDING TO EN 1504
As already mentioned the European Standard Series 
EN 1504 lists altogether 43 methods to repair or 
protect concrete structures according to altogether 
11 principles. To support the designer selecting the 
optimal method for each project the possible fields 
of application and special questions regarding dura-
bility, required maintenance and sustainability of the 
methods should be investigated in detail.
Such research is especially required for quite new 
applications. Scientific research on special ques-
tions regarding the application of cathodic protection 
(see Figure 9) is e.g. given in a separate paper of this 
Conference.
5 DEVELOPMENT OF MATERIALS FOR 
REPAIR AND PROTECTION ON
CONCRETE STRUCTURES
In the area of concrete repair and protection often 
materials with limited performance are used. Often 
the durability of repair materials is only in the 
range of about 10 years, especially in aggressive 
environment or under traffic. On the other hand the 
desired lifetime of a building is usually in the range 
of 50 years. Consequently there is a high potential for 
developments of durable and sustainable repair and 
protection systems.
Figures 10 and 11 show the development of glass 
systems for the use in sewage plants or wastewater 
pipes with a high risk to biogenous sulfuric acid 
corrosion. Special glasses are available which are 
resistant against such acid attacks and highly dura-
ble. Using special glues glass sheets or panels can be 
mounted on concrete surfaces and protect them from 
aggressive substances. Looking to the long-term per-
formance, it can be expected that repairs or protection 
measures using glass systems could last for decades 
or even longer.
Besides the glass systems there is a need to develop 
also durable repair and protection systems for other 
environments.
Looking into the future nanotechnology is exp-
ected to be the key to develop a new generation 
of repair materials with exiting properties and to 
improve existing repair materials considerably. The 
development is running from passive nanostructures 
Figure 9. Cathodic protection on a parking deck exposed 
to deicing salts.
Figure 10. Glass systems for the protection of concrete 
against aggressive environment.
Figure 11. Glass panels installed into a wastewater pipe as 
protection against biogenous sulfuric acid attack.
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(e.g. nano particles in coatings) via active nanostruc-
tures (e.g. amplifiers, adaptive structures) towards 3D 
nano systems with heterogeneous nano components 
and molecular nano systems with hetero geneous 
molecules.
Actually fundamental research is proceeding to 
create ultra-high performance materials with the fol-
lowing properties interesting for repair materials:
• Self cleaning surfaces (superhydrophobic, super 
hydrophilic, “Lotus-effect”, see Figure 12, etc.),
• Self healing coating systems (self-repairing, e.g. 
using nano tubes with filling material, shape mem-
ory effect),
• Photo catalytic (e.g. TiO
2
, reduction of air 
pollution),
• Antibacterial (bio-active, e.g. using nano-scale sil-
ver particles),
• Corrosion resistant (e.g. nano coatings for metals),
• Photovoltaic (e.g. surfaces of roofs),
• Energy active materials (e.g. phase change materi-
als PCM for heat control),
• High strength surfaces (e.g. using carbon nano 
tubes CNT with extreme properties).
Furthermore in future nano sensors integrated 
within the repair materials might show critical condi-
tions e.g. by changing their color.
6 QUALITY CONTROL
To achieve a high quality of repair and protec-
tion works quality control plays an important task. 
However, for some essential properties there are still 
no suitable test methods available.
As an example actually the thickness of a polymer 
coating on a concrete surface can only be detected 
destructively by taking cores. As the owners usually 
do not wish to partially destroy the new coating often 
the coating thickness is not checked, but only the wet 
film thickness during application. On the other hand 
is the coating thickness one key parameter for the 
effectiveness and durability of a coating.
One new approach to measure the coating thick-
ness non-destructively on site is the NMR-mouse 
technology, which is presented in another paper of 
this conference, see Figure 13.
Besides the thickness of coating layers also the 
humidity distribution or the ingress profiles of hydro-
phobic agents or impregnations should be detectable 
at the building economically and non-destructively.
7 MAINTENANCE: SERVICE LIFE DESIGN 
AND MONITORING SYSTEMS
Service life design of new and repaired concrete 
structures and especially service life design based on 
monitoring data are key tools for the maintenance of 
buildings.
An extensive German research project on corrosion 
models for the propagation phase of reinforcement 
Figure 12. Leaves of a wet flower with drops of water as 
example for a self cleaning surface, which can be achieved 
using nano-technology.
Figure 13. Schematic representation of the laboratory
set-up to investigate the suitability of the NMR mouse
technology to measure coating thickness.
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corrosion is actually progressing (www.dfg-for537.
de.vu). The status of the work is presented in an own 
session of this conference.
Figure 14 shows the exposure of concrete speci-
mens in seawater environment on the island Helgo-
land, where systematic data for the models are 
gathered.
Figure 14. Exposure test in seawater of the island Helgo-
land supervised by the University of Stuttgart, Germany.
For design verification purposes and to update the 
service life design from time to time corrosion moni-
toring systems are an important tool. Figures 15 and 
16 show examples of sensors monitoring the ingress 
of the critical chloride front with respect to reinforce-
ment corrosion into the concrete.
It would be important to develop also sensor sys-
tems for other relevant deterioration mechanisms to 
continue the idea of “smart” structures.
8 CONCLUSIONS
Actually interesting research projects are running in 
the field of repair. Lots of them are presented at this 
conference.
Future research is expected to develop new systems 
and materials for repair based on nano-technology. 
Based on fundamental research in this field high 
performance solutions with new properties will be 
created. However, as shown in this paper there are 
also interesting approaches in the fields of diagnosis, 
maintenance and monitoring.
Figure 15. Corrosion Sensor to monitor the critical depth 
and time-to-corrosion.
Figure 16. The piles of the 36 km long Hangzhou Bay 
Bridge in China equipped with corrosion sensor shown in 
Figure 15.
